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The tetrahedron has
four triangular faces
and, because the
three-fold axes of
symmetry also pass
through the four
vertices, it is the dual
of itself. We know it
best as a description 
of how the four bonds
of the carbon atom 
are disposed in space. 
I was once told by a theoretical
physicist that the values of the
fundamental physical constants need
not have been the same during the
evolution of the universe, and, of
course, this means they could have
been different now. This would
affect the masses and charges of the
particles that make up the atoms and
everything could be different. “For
example”, he said, “carbon might
have been trigonal and not
tetrahedral and life might not have
evolved”. “No”, I replied “We would
have been the same, except that
carbon would have been called
nitrogen and something else would
have been called carbon”.
I was then relatively unsophisti-
cated, but now I would tell him
about Brenner’s first anthropic law of
cosmology, which is that every
universe will, about half way through
its history, evolve a life form called a
theoretical physicist to raise doubts
and questions about its existence.
When four different groups are
attached to carbon we can have two
distinct arrangements, which are
mirror images. Chemical syntheses
produce both forms but only one is
found in living systems. I spent
many hours of a generally misspent
youth teaching myself chemistry and
I found this area (now called
chirality) the hardest to grasp. It
took me a long time to find the
difference between D and L on the
one hand, and + and –, on the other;
D and L describe the disposition of
the bonds in relation to the standard
forms, D- and L-glyceraldehyde,
whereas + and – tell us how
solutions rotate plane polarized light.
I can remember how pleased I was
to find that D(–) was not
contradictory.
There have been many attempts
to project this molecular asymmetry
onto higher levels of structure and
function. I can remember reading a
paper in which the author thought he
could distinguish two different races
of Paramecium by whether they
rotated to the left or to the right
when they swam. This could well
still be true, but what must be wrong
was his theory ascribing this to the
enantiomorphic molecules. 
Jack Dunitz and I once explored
a theory of a universe with mirror
symmetry, in an (unwritten) science
fiction story about the arrival of a
spaceship on Earth. Several centuries
earlier, a spaceship had been sent out
from Earth to prove that the
Universe was finite and, as far as the
Earth inhabitants could tell, it was
the same spaceship returning. At the
celebratory banquet, however, the
spaceship crew, who were all
believed to be descendants of the
original crew became terribly ill. And
the same happened to the Earth
inhabitants at a return dinner. A
clever biochemist then discovered
that the visitors had D-amino acids
and L-sugars, so that when the
original spaceship set out from
EARTH a mirror image left .
Of course, at the mirror they should
have collided or, more likely, been
reflected back, but this is where we
invoked the uncertainty principle
and got them past each other. 
Recently, Steve Kent actually
created a mirror enzyme by
synthesizing the protease of HIV out
of D-amino acids. It was active only
on a mirror substrate — that is, one
with D-amino acids. An interesting
examination question for advanced
students of molecular biology would
be to design a simple mirror self-
perpetuating system and to say what
would have to be synthesized
chemically in order to prime it.
Many organisms have bilateral
symmetry but this cannot be a true
mirror symmetry going down to
atomic scale. (If it were so, it would
constitute proof of an extreme
preformationist theory.) Rather, such
bilateral symmetry is epigenetic,
arising from a growth pattern that  is
generated, as all patterns are, from
the repeated application of a simple
rule in space and time. For
organisms, handedness would not go
down lower than the level of cells. 
Four is also the number of
different bases in DNA. We have two
base pairs and two ways of having
these in DNA. These are not,
however, the only mutually
orthogonal base pairs possible. There
are others such that each member
pairs only with its partner and not
with any other base. Steve Benner
has synthesized such pairs and has
shown that they can be
accommodated in the DNA
structure. They are also functional,
in that they will be correctly
incorporated by both DNA and RNA
polymerases. But, of course, they are
meaningless. This suggests more
examination questions for our
advanced molecular biology
students.
All of this goes to show that four
was not necessarily the unique
number of bases that could have
evolved and that the selection of this
number was a historical accident, as
was the selection of the handedness
of the components in living cells.
Physicists like everything to follow
inexorably from laws of Nature. But
biology is very unlike this type of
well-ordered state, with its
disciplined citizens, and operates
rather more like sets of loose and
clever gangs living, with mutual
respect, in a hazardous and
unpredictable landscape.
EARTH
